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INTRODUCTION 


This How and Why Wonder Book deals with a subject that is important 
to everyone, for in many ways weather rules the life of man. And like the 
others in the How and Why Wonder Book series, this one answers dozens 
of basic questions about an area of knowledge in which scientists are con- 
stantly exploring. So this book is of interest to science-minded children 
and their parents. It explains how air, sun and water intermingle in a thou- 
sand different ways to produce an ever-changing yet predictable weather 
pattern. 

The How and Why Wonder Books not only give accurate information 
about scientific subjects, but they also explain the various ways in which 
scientists explore and investigate the universe. The experiment is one of 
these ways. And this book emphasizes experiments. It suggests dozens of 
simple activities which young readers will want to try. Doing the experi- 
ments is a way of practicing one of the most important methods used by 
scientists to get accurate information about the environment. 

If you have ever wondered about snow or fog, hurricanes or tornadoes, 
the seasons, or any other topic concerning weather, you will find much 
helpful information and colorful pictures in these pages. 

Paul E. Blackwood 


Dr. Blackwood is a professional employee in the U. S. Office of Education. 
This book was edited by him in his private capacity and no official support or 
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WEATHER 

What makes \ A #HY DOES 

weather? VV the earth 

have a variety of 
seasons and climate, while the moon 
does not? The answer is — weather. 

Clouds, wind, rain and snow — these 
are some of the things we can see or 
feel as signs of what we call weather.- 

You may have sometimes wondered 
why it is that weather conditions are 
constantly changing. Wind, tempera- 
ture, air pressure and moisture are the 
factors responsible. When air moves 
from place to place at varying rates of 
speed, we call it the wind. As it moves, 
it may carry warm air, cool air, dry air 
or moist air. Air temperature really 
alfects weather more than anything else, 
and this is largely determined by the 
sun. (The sun sends its energy into our 
atmosphere, where it is absorbed and 
transformed into heat.) High-pressure 
areas, created by cold air, generally in- 
dicate fair weather. Low-pressure areas 
are created by warm air (which weighs 
less than cold air) and generally indi- 
cate cloudy or stormy weather. Moving 
air (winds) usually follows a route 
going from a high-pressure area to a 
low-pressure area. Moisture in the air 
is simply water vapor, but it may take 
the form of rain, sleet, snow, fog, clouds 
or measurable humidity. 




One of the seasons is spring, which usually in- 
cludes the months of March, April and May. 
Rainy weather occurs often in the spring, a time 
of the year when plants and crops begin to grow. 




% 





Summer is the warmest season of the year. It is a time 
when the sun shines most directly over the land. In the 
United States, summer includes the months of June, July 
and August, a time of the year when many people go 
to the seashore. 


The season between summer and winter is au- 
tumn. It includes the months of September, Octo- 
ber and November. It is the time of year when 
leaves fall from the trees, and so autumn is often 
called fall. 

Is there weather But the moon 

on the moon? is lighted and 

warmed by the 
sun. Why doesn’t the moon have clouds 
and rain and wind and snow? The moon 
has neither air nor water, so there can 
be no weather on the moon. 


Winter is the coldest season of the year. In the 
United States, it includes the months of Decem- 
ber, January and February, a time of the year 
when children like to ice-skate, go sledding and 
play in the snow. 






THE AIR ON TOP OF YOUR HEAD 


Can you |&|HAT do 

see air? VV you know 

about this ocean 
of air you live in? Do you breathe it? 
Can you see through it? Do you feel 
it when it moves? The answer is yes. 
But it’s hard to picture something you 
can’t see. It’s hard to believe something 
is real if you can’t look at it and touch 
it. Are there ways of showing that air 
is real? 


Does air You might try 

take up space? turning a glass 

upside down and 
pushing it straight down into a bowl of 
water. There is something which keeps 
the water from filling the glass — isn’t 
there? You thought the glass was empty. 
It wasn’t filled with something to drink, 
but it was full. The glass was full of air. 
Only real things take up space. Air and 
water can’t fit into the same glass any 
more than you and a friend can fit into 
the same clothes at the same time. The 
water can’t get in the glass unless you 
tilt it to one side and let some of the 


Next try blow- 
ing up a balloon. 
When you pinch it, 
what do you feel inside? The only thing 
you put into the balloon was air. It must 
be air that you feel. If you feel the air, 
then the air is there. The air is real. 


air out. 


Is air 
real? 


When you turn a glass upside down and push 
it into water, no water will go into the glass. The 
air in the glass keeps the water from coming in, 
which shows that air takes up space. 


You can actually feel air by pressing on a blown- 
up balloon. This shows that air is real. 


Is air How much does 

heavy? air we igh? It de- 

pends on when and 
where you measure it. The air in your 
living room may weigh as much as you 
do. Right now there is a column of air 
resting on your head and shoulders 
which is several hundred miles high. 
It weighs hundreds of pounds. How 
can you support such a weight? You 
couldn’t bear it at all if the same air 
pressure in your body didn’t also push 
in the opposite direction. The experi- 
ment described below, and illustrated 
on the right, helps to explain this idea. 


Does air Ask someone to 

push in all hold a thin piece 

directions? of paper in both 

hands. Now push 
your finger against one side of the 
paper. You’ve poked a hole right 
through. Take another piece of paper. 
This time use a finger on each hand. 
Push at the same spot from each side 
of the paper. Nothing happens. The 
pressure is equal on both sides of the 
paper. So, too, the pressure of air in 
your body is equal to the pressure of 
that column of air resting on your head 
and shoulders. 


Can you The tall column 

squeeze water? G f a j r pre sses down 

on your head the 
way a tall column of water presses 
down on a deep-sea diver. But there 
is one big difference between these 
columns. You cannot squeeze water. 




Air has weight and presses down on us. How- 
ever, the pressure in our bodies is equal to the 
air pressing down on us, so we don't feel the 
weight of the air. 


You can squeeze air, as this experiment with a 
hand pump shows. 


Can you But you squeeze 

squeeze air? air every time you 

use a pump to 
blow up a basketball. If you held your 
finger over the end of the pump, it 
would be harder to push the handle, 
but you could at least push it part way. 
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AIR PRESSES DOWN 


Does air f^UPPOSE you 

press down? O had a stack of 

pancakes three feet 
high. Each of the pancakes weighs 
something. Each is pressed down by the 
total weight of all the pancakes on top 



Helium is used to inflate balloons and airships, 
which then rise in the air. The higher up you go, 
the thinner and lighter is the air. 


of it. The bottom pancakes would be 
squeezed the most. The top pancakes 
would be squeezed the least. But you 
would get more to eat if you took a 
two-inch stack of pancakes from the 
bottom of the pile than you would if 
you helped yourself to a two-inch stack 
from the top. Air is like these pancakes. 

Air is made up of tiny bits called 
molecules. More than a trillion of these 
molecules could fit in a space the size 
of the head of a pin! They squeeze one 
another like the stack of pancakes, so 
the greatest number of molecules is 
found in a layer very close to the earth. 


Is air lighter Up in the moun- 

on a mountain ta i ns an( J high in 

or in a valley ? the sky, the air be- 
comes thinner. The 
molecules are farther apart. (The pan- 
cakes were farther apart on top of the 
stack. ) Way up high, the air is so thin 
that mountain climbers and pilots must 
wear oxygen masks to breathe. 

You have seen balloons filled with a 
gas called helium. Helium is much 
lighter than air. When the lighter-than- 
air balloon leaves the ground, it rises 
through the thick layer of air like a 
cork rising in a tank of water. But the 
balloon cannot keep rising forever. 
After it has risen a few miles, the air 
becomes so light and thin that the bal- 
loon is no longer lighter than the air. 


Why is it colder Something else 

on a mountain happens when you 
than in a valley? climb high moun . 

tains or fly in the 
sky. You get colder. There are many 
mountains in the world which have 
snow on their peaks all year round. This 
is because our ocean of air is graduated 
from heavy layers to very thin layers 
as we get farther from sea level. High 
up the air is thinner, lighter and colder 
because molecules are farther apart. 
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If you were to take temperature readings of the 
air as you climbed a mountain, you would find 
that the higher you went, the colder it would get. 


Does rubbing make Close to earth 
things hotter? the molecules are 

all squeezed to- 
gether. They are restless. They push and 
shove harder and harder. As they rub 
against one another they become hotter. 
So it is possible for you to see two dif- 
ferent effects of air pressure in the same 
part of the country — snow on a moun- 
taintop, where the air is thin and mole- 


cules are far apart, and flowers growing 
in a warm valley beneath, where mole- 
cules of air have been squeezed tightly 
together and heated up. 

Feel the molecules which make up 
your skin become hotter when you rub 
your palms together very quickly. 

Feel the side of a hand pump just 
after it has been used. It is warm. The 
molecules have been squeezed together. 
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HEATING BY DAY- COOLING BY NIGHT 



Dark-colored things hold on to 
sun’s rays better than light-colored tl 
this reason, many people wear white 
in the summertime, since white absorbs 
from the sun than darker colors. 


Why do you wear I N THE winter 
light-colored | y OU wear warm 

clothing in summed dotheg t0 protect 

you from the cold. 
Most of these clothes are dark-colored 
— dark reds, navy blues, deep greens. 
In the summer, when you wear fewer 
clothes, these clothes are often of white 
or pale colors. Why? The answer is in 
the sun’s rays. 

Try putting a piece of white paper 
in the sun. Next to it put a piece of 
black paper. After a few minutes the 
black paper will feel warmer than the 
white paper. Things which are dark- 
colored absorb more of the sun’s rays 
and produce more heat than light-col- 
ored things. The dark clothing keeps 
you warmer in the winter time. It holds 
on to the heat from the sun’s rays. The 
light-colored clothing you wear in sum- 
mer helps keep you cool. It does not 
absorb as much heat from the sun. 

If you put the piece of black paper 
in the sun again and feel it two minutes 
later, five minutes later, and ten minutes 
later, you can feel it getting warmer. It 
gets warmer because the sun shines on 
it for a longer time. Your skin feels the 
same way the longer you lie out in the 
sun. It gets warmer and warmer. 


When does The same thing 

the earth that happens to 

cool off best? you in the sun hap . 

pens to the rocks 
and soil and water on earth. The longer 
the sun’s rays shine upon them, the 
hotter they become. The earth grows 
warmer by day. At night, when the sun 
is gone, the earth cools off. 
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WINTER 


E ACH of the four seasons in our 
northern hemisphere wears its own 
face. So it is as easy to tell them apart 
as it is for you to recognize each of 
your friends. Each season has its own 
weather. Each weather change makes a 
change in you. How does winter’s face 
look? How can you tell when the winter 
season is coming? 


Is a winter day 
longer or shorter 
than a winter night? 

The days grow much shorter and the 
nights grow very long. The wind blows 
colder. The sun doesn’t seem to be as 
warm. The season is changing. You’re 
changing, too. You’re changing into 
heavier clothes which protect you from 



During the summer, the sun’s rays shine directly 
down. In the winter, the rays are slanted. 


the cold. You’re changing the games 
you play and the food you eat. You’re 
beginning to spend more time indoors. 
What happens when winter finally 
comes? 

In winter the days are shorter and 
the nights are longer than at any other 
time of year. The sun rises later, after 
you are up and dressed. It sets at night 
before suppertime. The soil and the 
rocks and the water are warmed by the 
sun during the short day and have much 
time to cool during the long night. 


Why do the sun’s Even when the 
rays give less sun j s shining, it 

heat in winter? does nQ , heat the 

soil and the rocks 
and the water during the winter months 
as much as it does at other times of the 
year. As you watch the sun cross the 
sky, you’ll notice that it is not as high 
as at other seasons of the year. The 
position of the sun in the winter sky 
causes the sun’s rays to strike the earth 
at a slant. 

If you pretend that a flashlight is the 
sun and shine it down on a table at a 
slant, you will see that the light is spread 
over a much larger area than it is when 
you shine the flashlight straight down. 
The sun’s light hits the earth at a wide 
slant during the winter. It is spread over 
a wider area and does not give as much 
heat as it does when its rays shine 
straight down. 




SPRING 


J UST as you are beginning to feel 
that winter will never end, things 
begin to happen which tell you it will. 
A warm breeze blows across an open 
field. Large cracks appear in the ice on 
the skating pond. Rivers and streams 
swell and overflow with melting snow. 


Changes happen to you, too. You take 
off the extra sweaters under your coat. 
Your nose and hands and feet don’t get 
as cold when you play outside. You 
spend more time outdoors. All these 
signs and changes mean something. 
Spring is coming! 



Robin redbreast and new green leaves on the trees are signs of spring. 


Do days become What sort of 

longer in spring? f ace does spring 

have? The days of 
spring grow longer and the nights grow 
shorter. One day, about March 21, 
the day and night are exactly the same 
length. Now the sun has more time to 
heat up the soil and the rocks and the 
water. It melts away the snow and ice. 
It begins to warm the seeds planted 
deep in the soil on farms, in gardens, in 
the meadows and woods. 

The spring sun climbs higher in the 
sky. Its rays strike the earth at less of 
a slant than in winter. They give more 
heat to the area on which they fall. But 
they are still falling at a slant and if you 
turn your face up to the sun so its rays 
strike you more directly, you will dis- 
cover that you feel warmer. 


Why do blossoms You learned this 

twist toward f rom the flowers 

the sun? which turn during 

the day to follow 
the sun. Spring blossoms stretch and 
twist upward in the direction of the 
sun’s rays to get more direct heat. 


SUMMER 


When do we have Q OMETIMES 
our longest days O so quietly you 
and shortest nights? hardly know it has 

come, summer ar- 
rives. Just as winter and spring have 
their signals, so summer has its signals. 
What do you see when you look for the 
face of summer? 

You see that the days are longer than 
at any other time of year. The sun 


shines in your eyes in the morning and 
wakes you up. It sets long after supper 
and the nights are short. 

You take off jackets and heavy socks 
and put on light clothing. You eat more 
cold foods and drink cool drinks. You 
enjoy games that you can only enjoy in 
the hot weather. You swim outdoors 
and you go boating. 

Summer is here! 



In the summer, the path of the sun is longer and farther to the north than the sun's winter path. 
The path of the sun on June 22 is longer than on any other day, which makes June 22 the longest 
day in the year. 



What happens 
to our sun in the 
summer? It crosses 
the sky higher than 
at any other time of the year. Its rays 
bring more heat to the earth. They are 
direct rays and shine on a smaller area. 
These rays strike the earth for more 
hours each day. The short nights of 
summer mean less time for the earth to 
cool before the sun rises and begins its 
job of heating all over again the next 
day. 

You can understand from the exper- 
iment pictured here one reason why 
the earth grows so warm in summer. 
Two pieces of black paper have been 
cut the same size, with pieces of card- 
board placed behind them to keep them 


stiff. One piece is laid flat on the ground 
so that the sun shines on it directly. The 
other is propped up so that the sun 
strikes it at a slant. After a few minutes 
the black paper which is flat on the 
ground becomes warmer than the piece 
which is propped up. In the same way, 
the earth is made warmer by the sum- 
mer sun’s more direct rays than by the 
more slanting rays of the other seasons. 
You might try this experiment yourself, 
though it may be hard to tell the differ- 
ence in temperature unless conditions 
are ideal. 

The rocks and the soil and the water 
on earth, like the paper you placed in 
the sun, are being heated for a longer 
time during the long summer days. They 
become hotter and hotter. 


Does the 
summer sun 
rise high? 




In the fall, the path of the sun across the sky becomes shorter than it was in the summer. The 
days become shorter and the nights become longer. Note the sun’s journey across the sky. 


FALL 


Do days get /NNE DAY, 

shorter in the fall? V./ j n Septem- 
ber, you will notice 
that the days are 
getting a little cooler. The winds are 
brisk. You put on a sweater when you 
go out to play. After a summer of salads 
and cool drinks, you enjoy eating a bowl 
of hot soup. Is it your imagination or 
is the sun setting a little earlier? It isn’t 
your imagination. The sun is beginning 
to make a shorter journey across the 
sky each day. There are fewer hours of 
heating. The nights grow a little longer. 
There are more hours of cooling. You 
can see that the sun is not quite so high 
in the sky as it was in summer. The sun’s 
rays strike the earth at more of a slant 
and lose some of their heating power. 

About September 21, there comes 
another date when the length of the day 


is exactly the same as the length of the 
night. 

Soon you notice the leaves of the 
trees changing colors and falling to the 
ground. They blow about in the wind. 
The flowers and fruits and vegetables 
of summer are gone. This is the face 
of fall. 


What causes You have lived 

changes in through four sea- 

seasons? sons, four different 

weather patterns, four changes in the 
way you dress, the games you play, 
sometimes even the kind of house you 
live in. All these changes were made 
because of the weather. 

Are you ready to start another year? 
Will you know when winter is coming? 


HOTTER IS FASTER 



Does hot \ A #HAT hap- 

air rise? V V pens when 

air is heated? 

An electric light bulb which has been 
burning a few minutes heats the air 
above it and causes that air to rise. If 
you sprinkle a tiny amount of talcum 
powder or corn starch into the air a few 
inches above the bulb, you can watch 
as the powdered air is pushed upward. 

Have you ever watched a coal-burn- 
ing fire? If there is no strong current of 
air, smoke goes straight up. What we see 
are bits of black carbon, which will set- 
tle down later as soot. Smoke rises be- 
cause the air has been heated. Hot air 
is lighter than cold air. It rises like the 
lighter-than-air balloon. 


What happens to air Something else 
when it is heated? happens when air 

is heated. The tiny 
particles, or molecules of which air is 
made, begin to move about faster and 
faster. As they bump one another 
harder and harder, they move farther 
apart. They take up more room. You 
can watch this happen. Measure around 
the largest part of a balloon with a tape 
measure or piece of thread. Then place 
the balloon in the bright sun. After a 
few minutes, measure it again and you 
will see that the balloon is larger. It has 
the same weight of air inside, but it 
takes up more space. So we know that 
air which is heated not only rises, but 
it also expands. 





This experiment, using talcum powder and an 
electric light bulb, shows that hot air rises. When 
air is heated, it expands and gets lighter. 






AN AIR EXCHANGE 


Does cold A HOT radiator 

air move? Mis a good 

thing to stir up the 
air molecules. As the air near the radia- 
tor is heated, it rises. Cold air sweeps 
in to take its place. This cold air is 
heated by the radiator and it rises. More 
cold air rushes in. This is how air keeps 
moving or circulating about in the 
room. The warm air is pushed away by 
the cold air. When the cold air becomes 
warm, it rises and more cold air moves 
in. This goes on and on, around and 
around, indefinitely. 


Where is the So you would 

warmest part expect to find the 

of a room? temperature of the 

room higher near 
the ceiling than near the floor. If you let 
fresh air into the room by opening the 
window both top and bottom, the cool 
air coming in at the bottom will push 
warm air out at the top. 

You can watch this happen. Fasten 
paper strips to parts of a window, as 
shown in the illustration. Watch the 
directions in which the air moves the 
paper strips. The strips at the top will 
move out as warm air is pushed out. 
The strips at the bottom will move in 
as cold air rushes in. 


Warm air rises, but as it rises, it is replaced by 
cooler air. This experiment, using paper strips 
fastened to parts of a window, shows this idea. 


A TINY TORNADO 




Does the earth A IR circulates in 

heat evenly? f\ t he room be- 

cause of a differ- 
ence in temperature. Winds blow out- 
doors for the same reason. All day long 
the rays of the sun shoot through space 
and through the earth’s ocean of air, 
striking the soil, rocks and water. As 
the soil, rocks and water are heated, 
they heat the layer of air nearest to 
them. Do they heat it evenly? No. By 
placing black and white papers in the 
sun, you showed that darker materials 
heat faster than lighter materials. 

This picture-diagram shows, on a very small scale, 
how a tornado takes place. Warm air rises; cold 
air comes in to take its place. As the cold air 
moves in, it picks up objects in its path and whirls 
them about as a tornado might do. 


When does air Some areas of 

move fastest? the ear th are 

lighter than others 
and will absorb fewer of the sun’s rays. 
Asphalt is dark, so a hot asphalt drive- 
way will make the air above it very 
warm. As the warm air rises, the cool 
air from a shady spot next to it will 
rush in to take its place. As the air 
rushes in quickly, it will pick up leaves 
and papers in its path and whirl them 
about like a top. What is happening is 
a miniature version of a violent storm 
called a tornado. The greater the dif- 
ference in temperature, the quicker the 
air will move. 






WHY BREEZES BLOW 



Why does £^OIL and rock 

wind blow? O heat much 

faster than water. 
Put some cool earth in a saucer and 
some water in another saucer and see 
how this works. Put both saucers in the 
sun. In about half an hour the surface 
of the soil will feel warm, but the water 
will still feel cool. Test the temperature 
with a thermometer. 


Water doesn’t heat as rapidly as the earth. When 
warm air over the land rises, the cooler air over 
the water comes in to take its place. This creates 
an onshore breeze, and as you know, it’s much 
cooler nearer a lake or the ocean than the city. 


Like the soil in the saucer, the land 
is heated by the sun and it becomes 
warmer than the water. The land heats 
the air above it and this warm air rises. 
Cooler air from nearby water moves in 
to take its place and creates a move- 
ment of air called an onshore breeze. 
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When the sun goes down, the land 
cools off. The water is now warmer than 
the land and warms the air above it. 
The warm air over the water begins to 
rise. Cooler air from over the land 
moves out to take its place. This move- 
ment of air is called an offshore breeze. 


During the day, it is the land which heats faster 
than the water. But when the sun goes down, it 
is the land that also coo/s faster than the water. 
When the warmer air over the water rises, the 
cooler air from the land rushes in to take its 
place. This creates an offshore breeze. 
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Do winds change 
direction? 


At night things 
change. Soil and 
rock, which heat 
faster than water, cool off faster than 
water. If you remove the top layer from 
the saucer of soil, you will find the soil 
that is left is still cool. The water is also 
cool, but not much cooler down deep 
than on the surface. The rays of the sun 
only hit the surface of soil and rock. 
The same rays go deep into water and 
heat it to a depth of several feet. 
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WATER YOU 

What happens when 1A/HEN we 
water “dries up”? VV say that a 

pond has dried up 
we mean that the water in it has disap- 
peared. What happened to it? The tiny 
bits or molecules which make up water 
have jumped into the air and are bounc- 


CAN’T SEE 

ing and bumping about with the mole- 
cules of air. We say the pond water has 
evaporated and we call water carried by 
the air “water vapor.” The amount of 
water in the air varies at different times, 
but there is probably a quart or more of 
water in the air in your bedroom. 


This picture illustrates evaporation taking place in a pond. The water is “drying up." Actually, 
the molecules of water bounce up toward the sky. The water carried along by the air is called 
water vapor. 








Water will evaporate faster when it is exposed 
to the sun than when it is placed in the shade. 


What causes It is heat which 

evaporation? causes the water to 

evaporate or dis- 
appear into the 
air. All day long, water from ponds, 
rivers, lakes, oceans, puddles, plants 
and animals is heated by the sun and 
evaporates. The hotter it is, the quicker 
the water evaporates. You can test this 
by taking two saucers of the same size 
and putting a spoonful of water in each 
one. Place one saucer where it is warm 
and the other where it is cool. The water 
in the warmer place will dry up first. 
The water in this saucer has evaporated. 

Wind helps to speed evaporation. If 
you blow on a wet piece of paper, or 
hold it out in the wind, it dries more 

22 





quickly than a wet piece placed where 
the air is still. When you try this, it is 
best to wet one piece of paper and tear 
it in half so that one piece is just as wet 
as the other. 

More water will evaporate from a 
large surface than a small one. A saucer 
with a spoonful of water spread over its 
bottom will dry up faster than the same 
amount of water left in the spoon. 

Water evaporates more quickly when 
the air is dry. On a hot, dry day, per- 
spiration evaporates quickly and your 
body is always dry. But if the air on a 
hot day is very moist, perspiration tends 
to stay on your body and you feel wet 
and uncomfortable. 


Water evaporates faster when it is spread over 
a large surface than when it is contained in a 
small area. 






What makes your % A# HEN you 
window cloud up? V V take a water 

glass and place 
it upside down on the grass while the 
sun is shining brightly, something hap- 
pens to that glass. A watery film begins 
to form on its sides. The outside of the 
glass is dry, but if you run your finger 
around the inside, you will find that it 
is wet. Molecules of water from the 
grass and soil have evaporated. They 
have become water vapor. Some of these 
vapor molecules have been cooled and 
slowed down as they hit against the 


side of the glass. Tens of thousands of 
them have joined together to form fine 
drops of water. 

The same thing happens in a car on 
a cold day. Your warm breath strikes 
the cold windshield and the molecules 
stick to the windshield in the same kind 
of watery film. Have you ever seen this 
happen to the windows of your house 
on a cold day? And did any of the drops 
ever get so big that they ran down the 
windowpane? Perhaps you have seen 
this happen to a glass of ice water or a 
cold bottle of soda. 
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Does water go But if water 

round in circles? keeps evaporating 

all the time, why 
doesn’t everything dry up? Everything 
doesn’t dry up because of a weather sys- 
tem called the water cycle. 

Your experiment with the glass 
placed upside down on the grass helps 
tell you where the water goes. 

The first step in the water cycle is 
called evaporation. Water from soil and 
grass evaporated inside your glass. The 


second step is condensation. Condensa- 
tion happens when water vapor begins 
to form tiny drops which we can see as 
fog or clouds. A cloudy film condensed 
on the inside of your glass. The third 
step is called precipitation. Precipita- 
tion takes place when water returns to 
earth in the form of rain or snow. As 
larger drops form in your glass, they 
may become large enough to fall back 
to the ground. If this happens, it is 
“raining” inside your glass. 



The three steps in the water cycle are evapora- 
tion, condensation and precipitation. The sun 
heats the water. Water vapor rises and forms 
clouds. The water returns to earth when it rains. 




TINY SPECKS OF MANY THINGS 


in the air 
invisibly? 


around the 
room you are in, 
the air might look 
very clear to you. But there are millions 
of tiny specks in the air you do not see. 
You would need a microscope to see 
most of them. Smoke from factory chim- 
neys, pollen from flowers, salt spray and 
ordinary household dust all help fill the 
air with these tiny specks. Next time you 
see sunlight streaming through your 
window, look into the stream of light. 
This is the air you thought was clear. 
Just look at the number of small parti- 
cles floating in that stream. What have 
all these specks to do with weather? 


The air is full of specks, which you can see in a 
beam of sunlight streaming through a window. 






WHAT IS 


Can you see water \ A / HEN air 
in the air when V V becomes 
it isn t raining? cooler, water vapor 

condenses around 
the little specks in the air you saw in 
the stream of sunlight. Millions and mil- 
lions of tiny droplets, like the one which 
made the film of water on the inside of 
the glass, are formed. But now the 
watery film is high above you in the sky. 
Millions of these droplets, too small to 
fall, cluster together in groups. These 
are the clouds we see in the sky. Some- 
times the clouds look fat and puffy be- 
cause the sun is shining through them, 
making them white and bright. Perhaps 
you have tried to pick out different 
shapes or imagine cloud pictures as 
they float by. 

Sometimes the sky looks like one big 
cloud. This is because there are so many 
layers of clouds that they block out part 
of the sun’s rays. The day is gray and 
cloudy. 

Sometimes when clouds form very, 
very high in the sky, where it is much 
colder, these droplets freeze. Then these 
tiny bits of ice float in the air and look 
like wispy ribbons from where you 
watch them. 



A CLOUD? 



Can you walk But when water 

through a cloud? droplets form at 

ground level, these 
clouds are called fog. You are walking 
through a cloud when you walk through 
fog, and you can feel the dampness of 
these tiny droplets on your hands and 
face. 

On a very cold day, you form a little 
cloud every time your moist breath hits 
the cold air. 






DEW AND FROST 


When does AT NIGHT, 

dew form? f\ w hen the 

soil, rocks and 
plants cool off, the layer of air which 
hugs the ground is cooled, too. Water 
vapor in the cooled air condenses as it 
touches the cooler soil and rocks and 
makes them wet. Tiny drops of water 


form on blades of grass and other 
plants. These tiny drops are dewdrops. 
If you get up early in the morning, you 
can see dewdrops sparkling in the sun. 
You must get up very early to see them, 
because when the air grows warmer, 
the dew evaporates and disappears into 
the air. 




What is On very cold 

frost? nights the water 

vapor condenses 
directly into ice crystals. The crystals 
form a white film on the ground and 
this film is frost. 

You can make your own frost. Soak 
the label off a gallon paint can and 
pack the can with alternating layers of 
crushed ice and rock salt. Put in four 
cups of ice and then two cups of rock 
salt. Keep repeating this layer of ice 
and layer of rock salt until the can is 
full. Now let it stand and watch what 
happens. Some of the water vapor in 
the air will condense directly into ice 
crystals and form a thin layer of white 
frost all over the outside of the can. 
This is the way ice cream is chilled in 
home freezers. 

Crushed ice and rock salt are the ingredients 
you need in order to make frost. Frost occurs 
when water vapor changes into little ice crystals. 
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WHAT COMES OUT OF THE SKY? 


Why does MOW hot or 

if rain? ri cold the air 

is makes a big dif- 
ference in what kind of weather comes 
out of the sky. 

It takes only a little increase in the 
temperature of the air to make a cloud 


disappear. The droplets of water evap- 
orate and can no longer be seen. But if 
the air gets colder, larger drops are 
formed. When they become too heavy 
to float in the air, they fall to earth, just 
as the drops of water did when they ran 
down inside your glass. This is rain. 



Is snow When the air 

frozen rain? high in the sky 

cools very quickly, 
the water vapor condenses directly into 
crystals and you have a snowstorm. It 
is not true that snow is frozen rain. 
Snow is water vapor which condenses 
directly into ice crystals, the same way 
ice crystals formed on the can packed 
with ice and salt. 

Do you know that every snowflake 
that falls is different from every other 
snowflake except for one thing? Every 
snowflake has six sides. No two are ever 


alike in design except for the six sides 
or points. Try to examine snowflakes. 
Look at them through a magnifying 
glass. They’re even prettier seen this 
way than they are when you watch them 
falling silently on a winter day. 

What should you When rain or 

call frozen rain? partly melted snow 

freezes as it falls 
to earth, it is called sleet. Rain freezes 
into hard, clear little pellets of ice and 
the partly melted snow freezes into soft, 
milky pellets. 





A snowflake is either a single ice crystal or made 
up of many crystals. In the center of each flake, 
there is a tiny particle, usually a speck of dust. 



This cross-section of a hailstone shows its layers. 

Of what are There is some- 

hailstones made? thing else which 

starts in the sky as 
one thing and lands on earth as some- 
thing else. It is hail. Hail starts as rain, 
but before the drops of water can fall 
very far, the wind blows them high up 
in the air where it is colder. They freeze 
and start to fall again. Over and over 
they fall and are blown back again. 
Each time they fall, a new layer of water 
vapor condenses on them, and each time 
they are blown up into the freezing layer 
of air, this new layer of water turns to 
ice. Finally, the stone becomes too 
heavy to be lifted by the wind, and it 
falls to earth. Some hailstones have 
fallen which were as large as baseballs, 
but usually they are not much bigger 
than a small pea. 

Next time you are in a hailstorm, 
pick up a few pieces of hail and cut 
them in half. Inside, you can see the 
layers that were formed as the hail- 
stones fell, collected more moisture and 
were swept back up into the freezing 
air again. If you count the layers, you 
can tell how many trips each hailstone 
made before it finally fell and you 
picked it up. 
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FIREWORKS IN THE SKY 



What causes Lightning is 

lightning? electricity — the 

kind which some- 
times causes a shock when you shuffle 
your feet on a carpet and then touch 
something made of metal, like a door- 
knob or a key. 

As water droplets are rubbed and 
pulled about, they are charged with 
electricity. Suddenly the electric charge 
in one part of a cloud is attracted to a 
charge in another part of the same 
cloud or in another cloud. As it shoots 
through the air, it causes the air to glow 


A thundercloud. Note the flat bottom and the 
top part which looks like a blacksmith’s anvil. 


Can you 
identify a 
thundercloud? 


HEN the 
sun shines 
and there is a cool 
breeze blowing, 
this is one of weather’s pleasant faces. 
But just as you sometimes frown, 
weather has its “frowning faces,” too. 
One of these, which you see quite often 
in summertime, and occasionally in 
the winter, is the thunderstorm. It’s 
noisy and loud and wet, but it can be 
just as exciting to watch from a safe 
place as Fourth of July fireworks. 

A thundercloud is usually one which 
is flat on the bottom and towers in the 
sky with a top shaped something like 
an anvil. Strong currents of air range 
up and down as sudden winds warn us 
that the storm is about to break. 



for an instant and we see a lightning 
flash. 

You can make your own lightning. 
All you need are two small balloons 
shaped like sausages. Blow them up and 
tie knots in the ends. Now you are 
ready to make lightning, but you must 
do this experiment in a room which is 
completely dark. 






Rub the balloons back and forth 
against your trousers or dress, or the 
covering of a chair or sofa. Rub both 
balloons at the same time. Then bring 
them together so that they almost touch. 
You will see small flashes of light as the 
electricity jumps between the balloons 
and you will hear a faint crackle. You 
can do this over and over again. 






Try making your own lightning with two bal- 
loons by following the directions on this page. 





What causes Outdoors, when 

thunder? electric currents 

flash through the 
air, the air is heated and expands 
rapidly. This sets a giant air wave in 
motion which we hear a few moments 
later as the roar of thunder. But light 
travels so fast that you see the flash at 
once, even before you hear the clap of 
thunder. 


Since it takes sound about five sec- 
onds to travel one mile, you can tell 
how many miles you are from the 
lightning by dividing by five the number 
of seconds it takes from the time you 
see the lightning until you hear the 
thunder. For example, if you hear the 
thunder four seconds after you see the 
lightning, the flash occurred just 4/5 
of a mile away. 
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THE STORM WITH AN EYE 






is a step in the formation of a hurricane, 


Cold air moving in from many directions, as the arrows indicate, 

n r-r' i’ r" ■ . ' : . . , • . . 




Where do Hurricanes are 

hurricanes storms born over 

come from? tropical waters. 

The blazing sun 
beats down on the ocean waters day 
after day and the air above this water 
grows very hot. Suddenly cold air moves 
in from many directions. It pushes this 
hot air straight up until the hot air 
reaches a cool layer of air. The water 
vapor condenses very suddenly and be- 
comes a driving rain. Cooler air from 
the outside moves in, in a whirling mo- 
tion, like water going down a drain. 
The center or “eye” of the hurricane is 
calm, but all around it the winds and 
rain are swirling. 


How strong Hurricanes last 

is a hurricane? f or several days as 

the storm whirls 
onward in its fury. It creates enor- 
mous waves which flood the land and 
the winds are strong enough to knock 
houses into a pile of wood and tear big 
trees up by the roots. 


T HERE is another storm which is 
much more dangerous than a thun- 
derstorm. You wouldn’t like to be 
caught in this storm because it does a 
great deal of damage before it fades 
away. It is called a hurricane. 


























RAIN GAUGE: It measures the 
amount of rainfall. A wide opening 
catches the rain and funnels it into 
a narrow tube so that small amounts 
can be read easily. 



CLOUD DIRECTION INDICATOR 
(NEPHOSCOPE): This shows the 
direction of clouds by reflection. The 
direction of the wind high in the sky 
is often different from the direction 
of the wind near the ground. 



HYGROMETER: A moist cloth is 
wrapped around the bulb of a ther- 
mometer. The moisture content of 
the air is measured by the rate of 
evaporation, which cools the ther- 
mometer. An ordinary dry bulb ther- 
mometer and a chart are used to 
determine relative humidity. 
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CLIMATE 


» N THIS book you have been reading 
about the types of weather in the 
northern hemisphere, where you live, 
because this weather makes our climate. 
But different parts of the world have 
different weather. They are in different 
climates. You know how important 
weather is to you and the way you live. 
It’s important to other people, too, who 


live in other places. And it is important 
to the plants and animals that grow 
and live in these places. 

Here is the earth sliced in two, with 
bands drawn to show the different cli- 
mates. One side shows the plants that 
grow and the other side shows the ani- 
mals living in these different climates. 


NORTH POLE 



TEMPERATE 

ZONE 


TORRID 

ZONE 


TEMPERATE 

ZONE 


FRIGID ZONE 


SOUTH POLE 


FRIGID ZONE 



TYPES OF CLOUDS 


CUMULUS 


STRATUS 


Cumulus is a Latin word which means 
“heap.” These puffy white clouds heap 
up in thick masses. Shaped like a dome 
on the top and flat on the bottom, they 
look like mountains in the sky. Cumulus 
clouds often form on hot summer after- 
noons and are usually 4,000 to 5,000 
feet above the earth. When they become 
thick and heavy with water, cumulus 
clouds may develop into thunderheads 
or thunderclouds, so that the presence 
of many of them in the sky may often 
mean that it is going to rain. 



CIRRUS 


Cirrus is a Latin word which means 
“curl” or “ringlet.” Cirrus clouds, form- 
ing high in the sky, are feathery wisps of 
curly white ice crystals. These delicate 
clouds, which appear in dry weather, 
form at an altitude of from five to 
ten miles above the ground. They are 
the highest clouds in the sky and move 
along rapidly on the winds. Cirrus 
clouds are often storm warnings. 


Stratus is also a Latin word and means 
“spreading out.” This describes the 
great width of these foglike clouds. 
They appear at low altitudes, generally 
ranging from 2,000 to 7,000 feet. 
Spread out in calm flat layers, stratus 
clouds often mean bad weather ahead. 



NIMBUS 


Nimbus is a Latin word meaning “rain- 
storm,” and so, nimbus clouds are rain 
clouds. These dark gray clouds do not 
have any definite shape and appear at 
low altitudes over a wide area of the sky. 

Weather scientists use these names to 
describe the main cloud formations. 
They also use combinations of these 
words, such as cirro-stratus, strato- 
cumulus and cumulo-nimbus. Cirro- 
stratus, for example, means a spread-out 
layer of cirrus clouds. People who study 
weather use other words to classify 
clouds, such as the word alto, which 
means “high.” The combinations alto- 
stratus or alto-cumulus, for example, 
tell us how high these clouds are. 




THE BEAUFORT SCALE 


M ANY years ago, before modern 
weather instruments were used, a 
man named Sir Francis Beaufort made 
up a scale to describe the force of winds 


by the way they acted over land and sea. 
Here is a form of this scale. How many 
of these wind effects have you felt? 
Scale numbers indicate wind strength. 



NOTICEABLE EFFECT OF WIND At Sea 


Waves so high that 
ships are hidden in the 
troughs. Sea covered 
with streaking foam. 
Air filled with spray. 


Devastation 


Sea is mirror-smooth 


Small wavelets like 
scales, but no 
foam crests. 


NOTICEABLE EFFECT OF WIND On Land 


Smoke rises 
vertically. 


Direction shown 
by smoke drift, 
but not by vanes 


Damage is widespread 
Experienced round the 
edge of hurricanes 
and tornadoes. 


Devastation 


WIND NAME 


Storm 


Hurricane 


WIND SPEED MILES PER HOUR 


SCALE 

NUMBER 


Strong 

Breeze 


Moderate 

Gale 


Large branches 
begin to move. 
Telephone wires 
whistle. 


Whole trees 
in motion. 


Small trees in 
leaf begin to sway 


Sea heaps up. Foam 
begins to blow 
in streaks. 


Larger waves form. 
Foaming crests more 
extensive. 


Waves are more 
pronounced. White 
foaming crests 
seen everywhere. 





MORE WEATHER EXPERIMENTS 





1. If you tried turning a glass upside 
down and pushing it straight down into 
a bowl of water as suggested on page 6, 
you might now try these experiments. 



upside down (making sure that the 


handkerchief stays in place), and 
push it straight down into a bowl of 
water. Be sure that the bowl holds 
enough water to cover the glass com- 
pletely. You can prove that air keeps 
the water out, because your handker- 
chief will still be dry. 


(b) Do the same experiment except 
that, instead of a handkerchief, a 
cork can be floated on the water in 
the bowl. When you press the open 
mouth of the glass down into the 
water, the pocket of air will force the 
cork to the bottom. As long as the 
glass is full of air, the water can’t get 
in. You can use this simple science 
experiment as a trick. Ask a friend if 
he knows how to make the cork go to 
the bottom of the bowl without touch- 
ing it. When he says that it can’t be 
done — show him that it can! 
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(c) If you push an upside-down 
glass straight down into your bowl of 
water and then tilt it slightly, some of 
the air will get out and bubble up to 
the surface. Now try another stunt. 
Use a large pan of water, such as a 
dishpan, and push into it two upside- 
down glasses, until both are com- 
pletely under water. Tilt one glass so 
that all of the air bubbles to the sur- 
face. One glass will now be full of 


— 


water, and the other full of air. Raise 
them so that the open ends of the 
glasses remain beneath the water, but 
most of the glasses are out of it, as 
shown in the picture. Then move the 
glass full of air so that an edge is 
under the glass full of water, tipping 
it so that the air bubbles up into the 
glass full of water. As the air from 
one glass bubbles into the other, the 
glass full of water will become filled 
with air and the glass which was filled 
with air will now be filled with water. 
If you are careful, you can keep pour- 
ing the air back and forth from one 
glass to the other. The glass may be 
filled with either air or water, but not 
both. Air, like water, is real, and two 
real things cannot fill the same space 
at the same time. 




(a) Use two white paper drinking 
cups. Paint one of them black. Fill 
both with water of the same tempera- 
ture and place them in the sun. After 
thirty to forty minutes, test the tem- 
perature of the water in each one. 
(An ordinary weather or cooking 
thermometer will do for this pur- 
pose. ) Which is warmer? 


3. On page 9 you learned how mole- 
cules move about. High up, where the 
air is thinner, there are fewer molecules 
to bump against each other and heat up. 
Nearer to the earth, where the mole- 
cules are squeezed close together, they 
collide more often and become hotter. 
Try this experiment to show what 
happens. 

(a) Fill a balloon with dried navy 
beans. Then blow it up and hold it 
at the neck so that the air cannot 
escape. Shake the balloon lightly. 
The beans will bounce about like air 
molecules which are always on the 
move. As they bounce back and 
forth, they will bump into one an- 
other and you will hear a little click. 
The more beans you are able to 
squeeze into the balloon before it is 
blown up, the more clicks there will 
be. And so you can see how mole- 
cules of air, squeezed together close 
to the earth, rub against each other 
more often — and how they become 
hotter, as the molecules of your skin 
do when you rub your hands back 
and forth quickly. 


4. The fact that dark colors absorb 
more heat than light colors was ex- 
plained on page 10. Try another experi- 
ment to prove, this scientific principle. 

















5. Air expands when it is heated. This 
is shown by the experiment described 
on page 16. Here is another interesting 
experiment to show that this is so. 

(a) Snap the neck of a balloon 
around an empty quart-sized soda 
bottle. Since there will be very little 
air in the balloon, it will droop to one 
side. Run water from the cold water 
tap against the side of the bottle. 
Even the little bit of air which was in 
the balloon will seem to leave it and 
it will be even limper than it was in 
the beginning. Next, run hot water 
against the side of the bottle and the 
balloon will begin to expand with air. 
No air could either enter or leave the 
balloon. What happened? The an- 
swer is that air takes up less space 
when it is cold and more space when 
it is hot. The cold water cooled the 
air inside the bottle so that it took up 
less space than when the balloon was 
first put over the neck of the bottle. 
The hot water then heated the air in 
the bottle so that it took up more 
room and caused the air to force its 
way into the balloon which was able 
to stretch. 

Hot air is lighter than cold air and 
therefore rises. But then, does cold 
air fall? Try this experiment. 

(b) Get a small piece of dry ice and 
place it carefully in a shallow saucer 
of water near the edge of a table. 
Cold air will bubble from the saucer 
and you can watch it drop down to 
the floor. It is because cold air falls 
that it is possible to leave freezers 
uncovered in supermarkets. 









6. Whether it is inside a house, as you 
read about on page 17, or the tornadoes 
and winds you read about on pages 18- 
20, hot air always rises and cold air 
comes in to take its place. You can 
show how this happens in a simple 
kitchen experiment. 



(a) Sometime when your mother is 
using the burners on the stove, make 
sure that the windows and doors to 
the kitchen are closed. Open the door 
of the refrigerator and ask your 
mother to hold a burning match or 
candle at the bottom of the refriger- 
ator opening. Notice that the cold 
air is falling from the refrigerator 
and carries the smoke down. Next, 
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ask her to hold the match or candle 
halfway between the refrigerator and 
the stove, about a foot from the floor. 
Can you see the smoke moving in the 
direction of the stove? Now ask your 
mother to hold the match or candle 
over the stove. Watch the smoke go 
straight up. You have followed the 
course of a little breeze which you 
made in your own kitchen. 
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7. You read on pages 21 and 22 about 
evaporation. Your mother is especially 
interested in evaporation when she has 


clothes to dry. You can do some more 
experiments to find out when evapo- 
ration works best. 



(a) Soak two handkerchiefs in (b) Soak two handkerchiefs in 

water and hang them up to dry — water and hang them up to dry — 

one where it is sunny and the other one open and one folded twice, 

in the shade. Which dries first? Which dries first? 


THE WEATHER — SEEN FROM SPACE 


M ANY man-made satellites have 
been put into orbit around the 
earth since the Space Age began. Of 
these, a good number have been weather 
satellites, designed to provide meteor- 
ologists — the scientists who study 
weather and climate — with an overall 
picture of atmospheric conditions. The 
information received, in turn, enables 
them to forecast the weather in specific 
areas with greater accuracy and to warn 
people of impending storms. 

The first of the orbiting satellites to 
send weather information back to earth 
was the Vanguard II, launched on 


February 17, 1959. On April 1, 1960, 
T iros I was launched — it was the first 
satellite to actually take pictures of the 
earth’s weather in detail. Tiros II, 
launched on November 23 of the same 
year, measured infrared rays given off 
by the earth and also took weather 
pictures. And Tiros III, launched on 
July 12, 1961, was the first one to dis- 
cover a hurricane — Hurricane Esther 
— over the Atlantic Ocean. Early warn- 
ings went out to those in the storm’s 
probable path. 

Further developments came about 
with the launchings of subsequent Tiros 


satellites, including the measurement of 
temperature and electron density in 
space. (The launching of Tiros X, in 
the summer of 1965, concluded this 
particular series.) 

Another hurricane — Hurricane Dora 
— was progressively tracked off the 
coast of Florida by Nimbus /, a weather 
satellite launched on August 28, 1964. 
Nimbus II (launched May 15, 1966) 
measured the earth’s heat balance. 

The need for a world-wide network 
of trained weather observers who would 
join together in a program leading to 
improved weather forecasts and, even- 
tually, weather control, was recognized 
by President John F. Kennedy in a 
speech before the United Nations on 
September 25, 1961. 

An appropriate plan was drawn up, 
and by the following summer, the World 
Weather Watch, directed by the World 
Meteorological Organization (WMO), 
an agency of the United Nations, came 
into being. 

The purposes of the World Weather 
Watch include keeping the earth’s at- 
mosphere under observation, transmit- 
ting weather information to all nations, 
and improving forecasting services. In 
the United States, the facilities of the 
Environmental Science Services Admin- 
istration (ESSA) , of which the Weather 
Bureau is an important part, are charged 
with this responsibility. The Tiros Op- 
erational Satellite (TOS) system began 
in February, 1966, with the launching 
of ESSA I, a weather satellite that 
photographs clouds, stores the informa- 
tion on magnetic tape, and then tele- 
meters it to ground stations, where it is 
“fed” directly to a computer. The com- 


puter is capable of reproducing a picture 
of the cloud pattern as it then exists 
over all the world. The following TOS 
satellite, ESSA II, was equipped with an 
automatic picture-transmission system 
that sent pictures to receiver-recorders 
on the ground every 208 seconds. 

Other specialized weather satellites 
are the Applicatipns Technology Satel- 
lites (shortened to ATS). ATS-1 was 
launched on December 6, 1966, its 
speed adjusted to the speed of the earth 
at the equator so that it remains over 
the same position on earth, in this case, 
over the Line Islands in the Pacific 
Ocean. It is equipped with a device 
which works like a camera, but which 
is more accurately a “pinhole-type” 
scanning telescope that transmits elec- 
tronic pulses (translated from observed 
cloud formations) to a computer on the 
ground. A more sophisticated ATS, 
ATS-III, was launched and positioned 
over the Amazon River in Brazil on 
November 5, 1967. It transmits color 
pictures of half the earth every thirty 
minutes. 

The Global Atmospheric Research 
Program (GARP) is another interna- 
tional project that will pursue greater 
meteorological knowledge throughout 
the 1970’s. Balloons, buoys, satellites 
and airplanes will all gather information 
which will be computer processed at 
such a fast rate that long-range predic- 
tions of the weather will be both accu- 
rate and reliable. This will come about 
as scientists learn more about the inter- 
action of air with the land and the 
oceans, and about the physics of our 
atmosphere that gains and loses heat by 
radiation. 
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How and Why Wonder Books 




5001 DINOSAURS 

5002 WEATHER 

5004 ROCKS & MINERALS 

5007 INSECTS 

5008 REPTILES 

5009 BIRDS 

5011 BEGINNING SCIENCE 

5013 THE HUMAN BODY 

5014 SEA SHELLS 
5016 THE MICROSCOPE 

5021 CHEMISTRY 

5022 HORSES 

5024 PRIMITIVE MAN 
5031 WILD FLOWERS 


5032 DOGS 

5033 PREHISTORIC MAMMALS 

5034 SCIENCE EXPERIMENTS 
5042 THE AMERICAN REVOLUTION 
5046 MAGNETS AND MAGNETISM 
5053 TREES 

5055 NORTH AMERICAN INDIANS 

5064 STARS 

5065 AIRPLANES AND THE STORY 
OF FLIGHT 

5066 FISH 

5069 TRAINS AND SHIPS 

5070 ECOLOGY 
AND OTHER TITLES 


Produced and approved by noted authorities, these 
books answer the questions most often asked about 
science, nature and history. They are presented in a 
clear, readable style, and contain many colorful and 
instructive illustrations. Readers will want to explore 
each of these fascinating subjects and collect these 
volumes as an authentic, ready-reference, basic library. 
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